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AEROSOLIZED AMILORIDE TREATMENT OF 
RETAINED PULMONARY SECRETIONS 

The invention described herein was made in the 
course of work under a grant or award made by the 
National Institutes of Health. 

BACKGROUND OF THE INVENTION 

Cystic ?brosis is a genetic disease that affects many 
organs and appears to reflect a generalized epithelial 
dysfunction. Cystic ?brosis is characterized by abnor 
mal fluid and solute balance across the epithelia of sev 
eral organs. The lung is usually the critical organ be 
cause thickened airway liquid appears to contribute to 
recurrent infection with progressive loss of ventilatory 
function.‘ Cystic ?brosis is characterized by abnormali 
ties that render mucus excessively thick, dehydrated 
and tenacious, qualities that lead to retention of material 
in the airways. Secretions of this nature are dif?cult to 
clear from airway surfaces and build up to obstruct 
airway lumens. This obstuction produces substantial 
impairments in respiration. Whereas the etiology of 
abnormal secretions is best understood in cystic ?brosis, 
retained secretions are important contributors to other 
lung diseases, e.g., asthma and chronic obstructive pul 
monary disease. 
The therapeutic goal in cystic ?brosis and other lung 

diseases is to remove retained secretions from the lung. 
Treatment of such pulmonary manifestations includes 
liquifying mucus and minimizing its formation, prevent 
ing obstruction and controlling infection. At present, 
only physical means (e.g., physical therapy including 
breathing exercises) are of any effectiveness in accom 
plishing this goal. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is based upon the discovery 
that when an aerosolized formulation of amiloride is 
utilized for inhalation therapy, the drug in concentra 
tions of lO-6—1O—4M/_L blocks removal of water from 
secretions. By restoring balance of water in secretions, 
they can be cleared. This effect cannot be achieved by 
amiloride via the oral route because insuf?cient concen 
trations are accumulated in airway secretions. 
While we do not intend to be bound by any theory or 

mode of action, it appears that amiloride when adminis 
tered to subjects in this manner inhibits active salt and 
water absorption from surface liquid and reduces the 
rate of water removed and hence indirectly liqui?es or 
hydrates these secretions. These hydrated secretions are 
easier to transport from the lung by normal mucociliary 
mechanisms and cough so that the mucus obstructions 
are cleared from the airways and respiration is im 
proved. 

This observation has been borne out by our measure 
ments of the transepithelial electrical potential differ 
ence across the upper and lower respiratory mucosa in 
patients with cystic ?brosis and control subjects. The 
nasal potential difference in 24 patients with cystic ? 
brosis exceeded by more than 3 standard deviations the 
mean voltage in healthy controls. Superfusion of the 
luminal surface with amiloride induced greater reduc 
tions in both nasal and airway potential differences in 
patients than in the controls. The greater reduction in 
potential difference in response to amiloride suggests 
that absorption of excess salt and liquid from respiratory 
epitheal surfaces contributes to the pathogenesis of lung 
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2 
disease in cystic ?brosis. In vitro studies of cystic ?bro 
sis and normal respiratory epithelia con?rms these infer 
ences. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In carrying out the present invention, amiloride is 
dissolved in a suitable vehicle such as water. The solu 
tion is nebulized in a pressure driven aerosol nebulizer 
or an ultrasonic nebulizer and thence applied by inhala 
tion to the subjects. It is also within the scope of the 
present invention to use self-propelling amiloride sus 
pensions for inhalation therapy by means of a non-toxic 
propellant, e.g., dichlorofluoromethane. Preferably the 
concentration of amiloride should be adequate to de 
posit 10-6-l0—4M/ L on the airway surfaces. An aero 
sol form in ranges from 3 to 10p assures adequate aero 
sol deposition and retention of the drug on the airway 
surfaces of the lung. 
The invention will be described in greater detail in 

conjunction with the following speci?c example. 

EXAMPLE 

A Wright pressure driven nebulizer was used to gen 
erate aerosols containing 3X l0—4M, 3 X 10—3M amilo 
ride, or vehicle (distilled water). 2.5 ml of solution was 
nebulized with compressed air at a flow rate of 8 L/min 
into a reservoir (30 L meteorologic balloon) that was 
connected via a Rudolph one-way valve to a cuffed and 
in?ated endotracheal tube. Approximately 5 minutes 
was required to nebulize the starting material and an 
additional 5-7 minutes required for complete inhalation 
of the aerosol by the animals. For exposure to the high 
est amiloride concentration (ZXIO-ZM), a DeVilbiss 
ultrasonic nebulizer (Model 35B) was utilized. A pediat 
ric medication cup was employed to reduce the cannis 
ter volume so that 10 ml of solution could be nebulized 
and cannister cleared with a bias flow of compressed air 
(4 L/min) within 10 minutes. Because the flow rate with 
technique approximated the minute ventilation of the 
animals, the aerosol cannister was directly connected to 
a reservoir that approximated the tidal volume of a 
phrenic paced dog (0.5 L). 

Quantitation of Aerosol Deposition and Retention: 
To estimate the volume of solution nebulized and de 
posited in the lung, a series of experiments were per 
formed where 113 Indium DPTA (2-10 uCi/ml) re 
placed amiloride in the aerosol solution. Otherwise, the 
preparation and both aerosol delivery systems were 
identical to those employed for amiloride exposure 
except that a catheter was inserted for sampling of ve 
nous blood. After obtaining a pre-exposure blood sam 
ple (5 ml, replaced with normal saline), aerosol expo 
sure was initiated and serial blood samples obtained 
every two minutes. In some experiments, after the 10 
minute aerosol exposure, pre-weighed ?lter paper pled 
gets (Whitman 541) were placed with bronchoscopy 
forceps on the tracheal and segmental bronchial sur 
faces for thirty seconds. The quantity of airway surface 
liquid obtained by this sampling procedure was deter 
mined by weighing the pledgets immediately after with 
drawal and subtracting the pre-placement weights. The 
animals were immediately sacri?ced with KCl or pento 
barbital sodium, trachea surgically exposed, thorax 
opened and lungs cross-clamped at the hila. The tra 
chea, main stem bronchi and the lungs were excised in 
block, blotted to gravimetrically remove blood, 
weighed and after addition of 250 ml of normal saline, 
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homogenized in .a blender. Blood, ?lter paper pledgets, 
aliquots of the lung homogenate (20 ml) as well as the 
aerosol solution (25 pl/brought to 20 ml volume) were 
immediately counted for radioactivity. Total aerosol 
deposition (pl) was calculated by dividing the sum of 
the counts in blood, airways and parenchyma by the 
speci?c activity of the aerolized solution. Regional 
concentrations in tracheal and bronchial surface liquid 
were expressed as pl aerosol/ pl surface liquid and dilu 
tion of aerosol solution into surface liquid. 
Serum Electrolytes: 5 ml venous blood samples were 

obtained immediately prior to and 60 minutes after aero 
sol exposure. Serum electrolyte concentrations were 
measured in a SMAC-6 (Corning). The results are re 
ported below. ‘ 

Aerosol Deposition: The sytem employing the 
Wright aerosol nebulizer deposited 34.0 +/— 19 pl 
solution (n=3) into the animal over the 10 minute expo 
sure interval. Approximately 0.039 pl of aerosol solu 
tion/pl surface liquid was deposited on the tracheal 
surface and 0.013 pl/pl surface was deposited in the 
bronchial surface (n=2). These amounts of aerosol 
added to resident surface liquid would effect ~ 1:25 and 
1:75 dilutions on trachea] and bronchial surfaces, re 
spectively. The DeVilbiss nebulization system repro 
ducibly deposited greater volumes of material on air 
way surfaces over the 10 minute exposure interval. The 
mean deposition was 125 +/—— 7.4 pl (n=3). 
Serum Electrolytes: The results from determination 

of serum electolytes before and one hour after exposure 
to aerosol were measured. No signi?cant changes in 
electrolytes after amiloride exposure as compared to 
controls were noted. 
What is claimed is: 
1. A method of removing retained mucus secretions 

from the lungs of a subject in need of such treatment 
which comprises delivering an aerosol suspension of 
amiloride having a particle size within the range of 
about 3 to 10 microns to the respiratory system of said 
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4 
subject by inhalation of said suspension to thereby 
achieve concentrations on the airway surfaces of said 
subject of l0_6M/L—l0_4M/L by inhibiting the reab 
sorption of salt and water from said secretions whereby 
said secretions are hydrated and are rendered easier to 
transport from the lung via normal mucociliary mecha 
nisms so that the mucus obstructions are cleared from 
the airways and respiration is improved. 

2. The method according to claim 1 in which the 
aerosol suspension of amiloride is generated and deliv 
ered to said subject by a pressure driven nebulizer. 

3. The method according to claim 1 in which the 
aerosol suspension of amiloride is generated and deliv 
ered to said subject by an ultrasonic nebulizer. 

4. The method according to claim 1 in which the 
suspension of amiloride is delivered to said subject by a 
non-toxic propellant. 

5. A method of treating cystic ?brosis which com 
prises delivering an aerosol suspension of amiloride 
having a particle range size of about 3 to 10 microns into) 
the lungs of a subject by inhalation of said suspension to 
thereby achieve concentrations on the airway surfaces 
of said subject of l0~6M/ L—l0-4M/ L by inhibiting the 
reabsorption of salt and water from mucus obstructions 
whereby said mucus obstructions in the lungs of said 
subject are hydrated and are rendered easier to trans 
port from the lungs via normal mucociliary mechanisms 
so that the mucus obstructions are cleared from the 
airways and respiration is improved. 

6. The method according-to claim 51in which aerol 
ized suspension of amiloride is generated and delivered 
to said subject by a pressure driven nebulizer. 

7. The method according to claim 5 in which the 
aerolized suspension of amiloride is generated and de 
livered to said subject by an ultrasonic nebulizer. 

8. The method according to claim 5 in which the 
suspension of amiloride is delivered to said subject by a 
non-toxic propellant. 

* * * * * 
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